Functional significance of membrane associated proteolysis in the toxicity of Bacillus thuringiensis Cry3Aa toxin against Colorado potato beetle.
Bacillus thuringiensis Cry toxins are widely used as biocontrol agents in bioinsecticides and transgenic plants. In the three domain-Cry toxins, domain II has been identified as an important determinant of their highly specific activity against insects. In this work, we assessed the role in membrane associated proteolysis and toxicity in Colorado potato beetle (CPB) of a previously reported ADAM recognition motif present in Cry3Aa toxin domain II. We used site-directed mutagenesis to modify the Bacillus thuringiensis cry3A gene in amino acid residues 344, 346, 347, 351 and 353 of the ADAM recognition motif in Cry3Aa toxin. Cry3Aa toxin mutants displayed decreased toxicity when compared to the wild type toxin and impaired ability to compete CPB brush border membrane associated cleavage of an ADAM fluorogenic substrate. Although the proteolytic profile of Cry3Aa toxin mutants generated by brush border membrane associated proteases was similar to that of Cry3Aa toxin, the metalloprotease inhibitor 1,10-phenanthroline was less efficient on the proteolysis of mutants than on that of the wild type toxin. The relevance of the Cry3Aa-ADAM interaction through the predicted recognition sequence was further confirmed by analyzing the effect of membrane integrity disturbance on Cry3Aa toxin membrane associated proteolysis and CPB larvae toxicity. Data support that Cry3Aa proteolysis, as a result of the interaction with ADAM through the Cry3Aa recognition motif, is essential for Cry3Aa toxic action in CPB. Detailed knowledge of Cry3Aa interaction with CPB midgut membrane should facilitate the development of more effective Bt based products against this devastating pest and other Coleoptera.